KAATSU training is a novel training, which is performed under conditions of restricted blood flow. It can induce a variety of beneficial effects such as increased muscle strength, and it has been adopted by a number of facilities in recent times. The purpose of the present study is to know the present state of KAATSU training in Japan and examine the incidence of adverse events in the field. The data were obtained from KAATSU leaders or instructors in a total of 105 out of 195 facilities where KAATSU training has been adopted. Based on survey results, 12,642 persons have received KAATSU training (male 45.4%, female 54.6%). KAATSU training has been applied to all generations of people including the young (<20 years old) and the elderly (>80 years old). The most popular purpose of KAATSU training is to strengthen muscle in athletes and to promote the health of subjects, including the elderly. It has been also applied to various kinds of physical conditions, cerebrovascular diseases, orthopedic diseases, obesity, cardiac diseases, neuromuscular diseases, diabetes, hypertension and respiratory diseases. In KAATSU training, various types of exercise modalities (physical exercise, walking, cycling, and weight training) are used. Most facilities have used 5-30 min KAATSU training each time, and performed it 1-3 times a week. Approximately 80% of the facilities are satisfied with the results of KAATSU training with only small numbers of complications reported. The incidence of side effects was as follows; venous thrombus (0.055%), pulmonary embolism (0.008%) and rhabdomyolysis (0.008%). These results indicate that the KAATSU training is a safe and promising method for training athletes and healthy persons, and can also be applied to persons with various physical conditions.
INTRODUCTION
KAATSU training is a novel method for muscle training, originally developed by Sato (2005) . Under the conditions of restricted muscle blood flow, even short-term, low-intensity exercise can induce muscle strength, and hypertrophy (Takarada et al, 2000b; Yasuda et al., 2004; Abe et al., 2005a, b) . In addition, KAATSU training increases the amount of circulating growth hormone (GH) (Takarada et al., 2000a; Takano et al., 2005a,b; Sato et al., 2005) , which may enhance lipolysis and bone formation, resulting in a reduction of obesity and bone diseases as well as improving strength and inducing hypertrophy of muscle (Beekley et al., 2005) . Also, GH stimulates the liver to secrete insulin-like growth factor-1 (IGF-1) (Abe et al., 2005a) , which may improve the function of endothelium and insulin sensitivity. Thus, until now, KAATSU training has been widely used in healthy subjects and athletes, and has also been applied to various kinds of conditions such as orthopedic diseases, obesity and diabetes. However, the present state of KAATSU training remains unclear.
Apart from the beneficial effects of KAATSU training, the pressurization of blood vessels may cause the formation of thrombus, and induce microvascular occlusion (no-flow phenomenon) even after releasing blood flow restriction, resulting in muscle cell damage and necrosis (Harmon et al., 1948; Strock & Majno, 1969; Kawada, 2005) . Therefore, we are concerned about the formation of thrombus, muscle damage, and the occurrence of pulmonary embolism in the subjects, when KAATSU training is applied. In addition, although KAATSU training restricts venous flow, induces the pooling of venous blood, and subsequently reduces cardiac preload during exercise, which may be useful in rehabilitation in patients with cardiac diseases (Takano et al., 2005a, b; Iida et al., 2005) , the excessive inhibition of cardiac preload may decrease cardiac output, and thereafter blood flow to the brain and coronary circulation. Consequently, side effects such as dizziness, fainting, cerebral anemia and the deterioration of ischemic heart disease may occur. But, detailed reports about the side effects of KAATSU training have not yet been reported. Therefore, to recognize the present state of KAATSU training and its side effects, we mailed questionnaires and obtained results from KAATSU leaders or instructors in a total of 105 facilities where KAATSU training has been adopted, and described them in this paper.
METHODS

Subject
Facilities where KAATSU training has been adopted participated in this study (see the appendix). We mailed questionnaire about KAATSU training to a total of 195 facilities in Japan, which had qualification of KAATSU leaders or instructors. The questionnaire asked about the distribution of age, training methods, training periods, side effects etc as described in Appendix 1.
RESULTS
We obtained an answer from KAATSU leaders or instructors in 105 out of 195 facilities (approximately 53%). As shown in Fig.1A , the number of bonesetter's and osteopath's offices and training gyms is larger than that of hospitals/clinics and rehabilitation centers.
Fig . 1B shows the period since the facilities have started KAATSU training. Most of the facilities (84%) have started KAATSU training within 5 years. Until now, total 12,642 persons have been received it (male 45.4%, female 54.6%). Fig. 2 shows the age distribution of persons who have received KAATSU training in 105 facilities. The training was distributed over a wide range of ages. Persons aged under 20 years old accounted for 17.8%, and persons aged over 70 years old accounted for 14.6 % of the total. Thus, the KAATSU training appears to be widely applied to all ages. Fig. 3 shows the number of the facilities classified by the object of the training (Fig. 3A) and the purpose of the use of KAATSU training with regard to symptoms (Fig. 3B ). As illustrated in Fig. 3A , KAATSU training has been applied to various kinds of conditions; sports, healthy persons, cerebrovascular diseases, orthopedic diseases, obesity and countering aging. In addition, it has been also used for training patients with cardiac diseases, muscle diseases, diabetes, hypertension and respiratory diseases. Thus, KAATSU training is used for training persons with various kinds of physical conditions. The purpose of the use of KAATSU training by the various facilities was as follows (Fig. 3B) ; improvement of muscle strength or countering muscle atrophy, improvement of paralysis, build-up of bone-structure, reduction of obesity and prevention of old persons from becoming bedridden. Other purposes include improvement of the symptoms of Berger's disease, ateriosclerotic obliterans (ASO), bone atrophy, lumbago and shoulder stiffness, relief of pain including menstrual pain, countering aging, and maintenance of health. The total number of persons per year who have received KAATSU training is shown in Fig. 4A . The annual number of visits to the facilities for KAATSU training was about 31,754, and the mean annual number of visits in one facility was 345. KAATSU training has been applied to athletes (n=5,311), orthopedic patients (2,776), the elderly (5,382) and healthy people (15,284) as shown in Fig. 4B . Thus, KAATSU training has been mainly used for The proportion of facilities that were satisfied with the effect of KAATSU training.
13.1%
Figure 9. The most frequent side effects of KAATSU training. strengthening of muscle in the field of sports, and health promotion in elderly and healthy subjects. KAATSU training can be combined with various types of exercises. Fig. 5A shows types of exercises used with KAATSU training. As shown in Fig. 5A , it has been applied to stretch exercise, walking, cycling, and weight training. Many facilities have used both legs and arms as the sites of KAATSU (Fig. 5B ). Figs. 6 and 7 show the percentage of the facilities classified by the training hours, frequency and duration of KAATSU training. Most of the facilities have been applying 5-30 min KAATSU training each time (Fig.  6) , and have been doing it 1-3 times a week (Fig. 7A) . In many cases, KAATSU training has been continued for at least 3-12 months as shown in Fig. 7B .
The reasons why subjects ended KAATSU training were as follows: improvement of their diseases or symptoms, achievement of goals, end of previously planned period, and shift to training at home. In 30 facilities, subjects have been continuing KAATSU training without stopping it. Fig. 8 shows the proportion of the facilities that are satisfied with the effects of KAATSU training (approximately 80%). Fig. 9 and table 1 summarize the side effects of KAATSU training. The occurrence ratio of side effects was as follows: subcutaneous hemorrhage (13.1%), numbness (1.297%), cerebral anemia (0.277%), cold feeling (0.127%), venous thrombus (0.055%), pulmonary embolism (0.008%), rhabdomyolysis (0.008%), deterioration of ischemic heart disease (0.016%) (Fig. 9 and table 1 ). In addition, fainting has occurred in rare cases, and hypoglycemia has been reported.
DISCUSSION
The major findings of the present study obtained from 105 out of 195 facilities (approximately 53%) are as follows: 1) KAATSU training has been used for a wide generation of people including the young (under 20 years old) and the elderly (over 80 years old), and has mainly been used for strengthening of muscle in the field of sports and health promotion in healthy subjects; 2) It has been also applied to various kinds of conditions; cerebrovascular diseases, orthopedic diseases, obesity, cardiac diseases, neuromuscular diseases, diabetes, hypertension, and respiratory diseases; 3) It can be combined with various types of exercises (e.g., walking, cycling, and weight training). In most of the facilities, subjects have received 5-30 min KAATSU training each time, 1-3 times a week; and 4) approximately 80% of the facilities are satisfied with the results of KAATSU training and there have been only a small number of side effects. Thus, KAATSU training is a safe and promising method of training not only for athletes, but also for ordinary people, and it can also be applied to persons with various physical conditions. KAATSU training is a novel method for muscle training (Sato, 2005) . Under conditions of restricted muscle blood flow, even short-term and low-intensity exercise can induce muscle strength and hypertrophy (Takarada et al, 2000b; Yasuda et al., 2004; Abe et al., 2005a, b) . Therefore, as shown in the present study, many facilities have introduced KAATSU training for strengthening muscle in the fields of sports. The field of sports is indeed widespread, such as hockey, kendo, mountain climbin, jet skiing, triathlon, rugby, gymnastics, softball, handball, rock climbing, table tennis, badminton, marathon, skating, bicycle [cycle] race, skiing, snowboarding, bodybuilding, aerobics, judo, swimming, dance, basketball, tennis, volleyball, boxing, soccer, karate, golf, baseball, and combative sports. KAATSU training is also applied for health promotion in healthy subjects, even in the elderly. In addition, it has also been used to improve muscle strength in various conditions, including cerebrovascular diseases, respiratory diseases, orthopedic diseases, neuromuscular diseases, cases of being bedridden, and effects of old age.
Moreover, it is likely that KAATSU training is a useful method for training patients with a variety of diseases such as diabetes, hypertension and obesity. KAATSU training has additional effects, such as increasing GH secretion (Takarada et al., 2000a; Takano et al., 2005a, b; Sato et al., 2005) . GH enhances lipolysis and bone formation, which may contribute to the reduction of obesity and bone diseases such as osteoporosis (Beekley et al., 2005) . It also stimulates the liver to secrete insulin-like growth factor-1 (IGF-1) (Abe et al., 2005a) , resulting in improvement of function of the endothelial cells and insulin sensitivity. Considering such effects of KAATSU training, some facilities have used KAATSU training for these patients.
In KAATSU training, various types of exercises can be used. In the present study, 30% of the facilities have used only KAATSU training. Even only KAATSU can prevent muscle atrophy observed in patients at bed rest (Takarada et al., 2000c) . However, in most of facilities, various types of exercises (walking, cycling, and weight training) have been combined with KAATSU training. It is especially interesting to note that 70% of the facilities have used walking combined with KAATSU (commonly called "KAATSU walking"). Abe et al (2005b) reported that KAATSU walking can enhance GH responses, and then induce muscle strength and hypertrophy. In addition, no special machine is required in case of KAATSU walking. Therefore, KAATSU walking can be more widely adopted. Concerning duration and frequency, subjects have completed 5-30 min KAATSU training each time, 1-3 times a week in most of the facilities. However, since KAATSU training produces minimal muscle damage (Takarada et al., 2000a; Abe et al., 2005a) , less recovery time is necessary, which means that the frequency of KAATSU training can therefore be increased according to the degree of its effect.
The most noteworthy finding is that the number of severe side effects due to KAATSU training is very low based on this survey results. The most frequent side effect was subcutaneous hemorrhage. It has been observed in 13.1% of cases, and more frequently occurred in arms than legs. However, subcutaneous hemorrhage is usually transient and diminished as the time goes on, even if training is continued. Therefore, subjects can continue the training with little cause for concern. Numbness has been observed in 1.297% persons who received KAATSU training, probably due to the compression of peripheral nerves of extremities. The numbness is also only temporary and abolished immediately after the release of KAATSU pressure. No cases of leg paralysis have occurred in any facility. Therefore, this symptom also does not interfere with KAATSU training. Several papers showed that KAATSU training combined with low-intensity exercise does not cause severe muscle injury, and there is no elevation of creatine phosphokinase (CPK) (Takarada et al., 2000a; Abe et al., 2005a) or rhabdomyolysis, as compared with heavy exercises (Chiu et al., 1976; Sorichter et al., 1999; Clarson & Hubal, 2002) . In fact, rhabdomyolysis was noted in only 1 case.
Occlusion of blood vessels sometimes causes the formation of thrombus, and induces microvascular occlusion (no-flow phenomenon) even after releasing blood flow restriction, resulting in muscle damage and cell necrosis (Harmon et al., 1948; Strock & Majno, 1969; Kawada, 2005) . However, fortunately, the incidence of serious side effects was low. Venous thrombus was observed in 7 cases (0.055%). Pulmonary embolism was noted in only 1 case (0.008%), but this subject had not been diagnosed definitely and had not serious problems. Recently, Tanimoto et al (2005) showed that the muscle oxygenation level during exercise with KAATSU training, measured with the near-infrared continuous-wave spectroscopy, was larger than that observed in completely-occluded conditions. Thus, it is likely that the blood flow is not completely restricted under the usual conditions with KAATSU exercise, which may help to avoid the severe side effects such as venous thrombus, pulmonary embolism and rhabdomyolysis.
Dizziness, fainting and cerebral anemia were observed in some cases as shown in table 2. Also, the deterioration of ischemic heart disease has been described in rare cases (2 cases). The conceivable reason is as follows; Application of KAATSU training on both legs caused the pooling of venous blood with the pressure-dependent reduction of femoral arterial blood flow (Iida et al., 2005) . The inhibition of venous return during the KAATSU exercise reduces cardiac preload during the exercise, which may be beneficial in rehabilitation of certain patients with cardiac diseases (Takano et al., 2005a, b) . On the other hand, the excessive inhibition of cardiac preload decreases cardiac output, and subsequently blood flow to the brain and coronary circulation. Therefore, KAATSU training should be performed carefully in patients with cardiac diseases such as ischemic heart diseases, severe aortic stenosis and hypertrophic obstructive cardiomyopathy. Also, the excessive application of KAATSU pressure may cause larger increases in both blood pressure and catecholamine levels as compared with low-intensity exercise without KAATSU training (Takano et al., 2005a, b) . Therefore, we also need to be cautious when treating patients with hypertension and after cerebral hemorrhage as well as cardiac diseases. To minimize the side effects and complications, the KAATSU leaders and instructors should determine the duration and degree of KAATSU training as well as KAATSU pressure carefully. Of course, the informed consent about the side effects including subcutaneous hemorrhage should be given to all persons receiving KAATSU training. However, comparing with heavy physical exercises, where mortality rates of 0 to 2.5% per 10,000 have been reported, especially in older persons (ACSM, 2000; Kallinen M, 2005) , any fatal complications have not been occurred in KAATSU training. Thus KATSU training is a safe and promising method for training persons including older persons.
In conclusion, KAATSU training is a safe and promising method for training in the field of sports and healthy persons, and can also be applied to persons with various kinds of physical condition including cerebrovascular diseases, orthopedic diseases, obesity, cardiac diseases, neuromuscular diseases, diabetes, hypertension, and respiratory diseases. 
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